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(54) Subsea repeater and method for use of the same 

(57) A subsea repeater apparatus (48) for commu- 
nicating information between surface equipment (60) 
and downhole equipment (44). The apparatus (48) com- 
prises an electromagnetic receiver that receives an 
electromagnetic signal (46) carrying information from 
downhole equipment (44) and an acoustic modem (54) 
that acoustically retransmits (56) the information to sur- 
face equipment (60) through the sea. The apparatus 
(48) may also comprise an acoustic modem (54) that 
receives an acoustic signal (64) carrying information ^% 
from surface equipment (60) through the sea and an ^|Ef 
electromagnetic transmitter (50) that radiates electro- JJJ 
magnetic waves (66) carrying the information into the J3S 
earth. 555: 
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Description 

[0001] This invention relates in general to downhole 
telemetry and, in particular to, an apparatus and 
method for telemetry of information between surface 
equipment and downhole equipment through the sea 
and vice versa. 

[0002] Although the background of the invention will 
be described in connection with transmitting downhole 
data to the surface during measurements while drilling 
(MWD), it should be noted that the principles of the 
present invention are applicable not only during drilling, 
but throughout the life of a wellbore including, but not 
limited to, during logging, testing, completing and pro- 
ducing the well. 

[0003] Heretofore, in this field, a variety of communi- 
cation and transmission techniques have been 
attempted to provide real time data from the vicinity of 
the bit to the surface during drilling. The utilization of 
MWD with real time data transmission provides sub- 
stantial benefits during a drilling operation. For example, 
continuous monitoring of downhole conditions allows for 
an immediate response to potential well control prob- 
lems and improves mud programs. 
[0004] Measurement of parameters such as bit 
weight, torque, wear and bearing condition in real time 
provides for a more efficient drilling operation. In fact, 
faster penetration rates, better trip planning, reduced 
equipment failures, fewer delays for directional surveys, 
and the elimination of a need to interrupt drilling for 
abnormal pressure detection is achievable using MWD 
techniques. 

[0005] At present, there are four major categories of 
telemetry systems that have been used in an attempt to 
provide real time data from the vicinity of the drill bit to 
the surface, namely mud pressure pulses, insulated 
conductors, acoustics and electromagnetic waves. 
[0006] In a mud pressure pulse system, the resistance 
of mud flow through a drill string is modulated by means 
of a valve and control mechanism mounted in a special 
drill collar near the bit. This type of system typically 
transmits at 1 bit per second as the pressure pulse trav- 
els up the mud column at or near the velocity of sound 
in the mud. It has been found, however, that the rate of 
transmission of measurements is relatively slow due to 
pulse spreading, modulation rate limitations, and other 
disruptive limitations such as the requirement of mud 
flow. 

[0007] Insulated conductors, or hard wire connection 
from the bit to the surface, is an alternative method for 
establishing downhole communications. This type of 
system is capable of a high data rate and two way com- 
munication is possible. It has been found, however, that 
this type of system requires a special drill pipe and spe- 
cial tool joint connectors which substantially increase 
the cost of a drilling operation. Also, these systems are 
prone to failure as a result of the abrasive conditions of 
the mud system and the wear caused by the rotation of 



the drill string. 

[0008] Acoustic systems have provided a third alter- 
native. Typically, an acoustic signal is generated near 
the bit and is transmitted through the drill pipe, mud col- 

5 umn or the earth. It has been found, however, that the 
very low intensity of the signal which can be generated 
downhole, along with the acoustic noise generated by 
the drilling system, makes signal detection difficult. 
Reflective and refractive interference resulting from 

7 0 changing diameters and thread makeup at the tool 
joints compounds the signal attenuation problem for drill 
pipe transmission. 

[0009] The fourth technique used to telemeter down- 
hole data to the surface uses the transmission of elec- 
ts tromagnetic waves through the earth. A current carrying 
downhole data is input to a toroid or collar positioned 
adjacent to the drill bit or input directly to the drill string. 
An electromagnetic receiver is inserted into the ground 
at the surface where the electromagnetic data is picked 
20 up and recorded. It has been found, however, that in off- 
shore applications, the boundary between the sea and 
the sea floor has a nonuniform and unexpected electri- 
cal discontinuity. Conventional electromagnetic systems 
are, therefore, unable to effectively pickup or receive the 
25 electromagnetic signals at the boundary between the 
sea and the sea floor. Additionally, it has been found 
that conventional electromagnetic systems are unable 
to effectively transmit the electromagnetic signals 
through sea water due to the conductivity of sea water 
30 and the boundary layer between the sea and air. 

[001 0] Therefore, a need has arisen for a system that 
is capable of telemetering real time data from the vicin- 
ity of the drill bit in a deep or noisy well using electro- 
magnetic waves to carry the information to the sea floor. 
35 A need has also arisen for an apparatus that is capable 
receiving an electromagnetic signal carrying informa- 
tion at the sea floor and retransmitting the information to 
the surface through the sea. 

[0011] The present invention disclosed herein com- 
40 prises a subsea repeater that receives and retransmits 
information between downhole equipment and surface 
equipment. The subsea repeater of the present inven- 
tion provides for real time communication between 
downhole equipment and surface equipment using 
45 electromagnetic waves to carry the information through 
the earth and acoustic waves to carry information 
through the sea. 

[0012] The subsea repeater of the present invention 
comprises an electromagnetic receiver that receives an 

so electromagnetic signal carrying information that may be 
generated by a downhole device. The information may 
include drilling parameters such as bit weight, torque, 
wear and bearing or may include reservoir parameters 
such as pressure, temperature, porosity, and resistivity 

55 as well as distribution, saturation, depletion and move- 
ment of oil. gas and water. In addition, the information 
may include operating parameters of downhole equip- 
ment such as the position or orientation of packers, 
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sleeves and valves. 

[0013] The electromagnetic receiver may include an 
H-field probe having an end that is insertable into the 
earth and at least one E-field probe having an end that 
is insertable into the earth such that . the subsea 
repeater may pick up the H-field component or the E- 
field component of the electromagnetic signal or both. 
The electromagnetic receiver transforms the electro- 
magnetic signal carrying information into an electrical 
signal that is fed to an electronics package for process- 
ing and storing the information. 

[0014] After a specified period of time, such as once 
an hour during a drilling operation or once a day during 
a production operation, the information stored in the 
electronics package is forwarded to an acoustic trans- 
mitter. The acoustic transmitter transforms the electrical 
signal into an acoustic signal that retransmits the infor- 
mation to the surface, through the sea. The acoustic 
transmitter may transmit the information using, for 
example, frequency shift keying or multiple frequency 
shift keying. 

[0015] The subsea repeater of the present invention 
may also include an acoustic receiver that receives an 
acoustic signal carrying information that may be gener- 
ated by a surface device and transmitted through the 
sea. The information may include commands to obtain 
the " aforementioned drilling, reservoir or operating 
parameters or may include commands to change the 
operation state of a downhole device. 
[001 6] The acoustic receiver transforms the acoustic 
signal into an electrical signal that is fed to the electron- 
ics package for processing and storing the information. 
The information stored in the electronics package is 
then forwarded to an electromagnetic transmitter that 
transforms the. electrical signal into an electromagnetic 
signal that is radiated into the earth and is pickup by a 
downhole device. 

[001 7] According to one aspect of the invention there 
is provided a subsea repeater apparatus for communi- 
cating information between surface equipment and 
downhole equipment comprising: an electromagnetic 
receiver receiving an electromagnetic signal carrying 
the information generated by the downhole equipment; 
and an acoustic transmitter operably connected to the 
electromagnetic receiver, the acoustic transmitter 
acoustically retransmitting the information to the surface 
equipment through the sea. 

[001 8] The electromagnetic receiver may further com- 
prises an H-field probe having an end that is insertable 
into the earth and/or at least one E-field probe having 
an end that is insertable into the earth. 
[0019] In an embodiment, the apparatus further com- 
prises an electronics package operably connected to 
/ the electromagnetic receiver and the acoustic transmit- 
ter. The electronics package may further include a stor- 
age device for storing the information. The electronics 
package may process the information. 
[0020] The apparatus as recited in claim 1 wherein the 



acoustic transmitter may retransmit the information 
using frequency shift keying or multiple frequency shift 
keying. 

[0021] According to another aspect of the invention 
s there is provided a subsea repeater apparatus for com- 
municating information between surface equipment and 
downhole equipment comprising: an acoustic receiver 
receiving an acoustic signal carrying the information 
generated by the surface equipment through the sea; 
io and an electromagnetic transmitter operably connected 
to the acoustic receiver, the electromagnetic transmitter 
retransmitting the information' to the downhole equip- 
ment by radiating electromagnetic waves into the earth. 
[0022] The information in the acoustic signal may be 
is transmitted using frequency shift keying or multiple fre- 
quency shift keying. 

[0023] In an embodiment, the apparatus further com- 
prises an electronics package operably connected to 
the acoustic receiver and the electromagnetic transmit- 

20 ter. The electronics package may further include a stor- 
age device for storing the information. The electronics 
package may process the information. 
[0024] The electromagnetic transmitter may further 
comprise at least one electrically conductive probe hav- 

25 ing an end that is insertable into the earth. 

[0025] According to another aspect of the invention 
there is provided a subsea repeater apparatus for com- 
municating information between surface equipment and 
downhole equipment comprising: an electromagnetic 

30 receiver receiving an electromagnetic signal carrying 
the information generated by the downhole equipment 
and transforming the electromagnetic signal into an 
electrical signal; an electronics package electrically 
connected to the electromagnetic receiver, the electron- 

35 ics package processing the electrical signal; and an 
acoustic transmitter electrically connected to the elec- 
tronics package, the acoustic transmitter transforming 
the electrical signal into an acoustic signal and acousti- 
cally retransmitting the information to the surface equip- 

40 ment through the sea. 

[0026] The electromagnetic receiver may further com- 
prise an H-field probe having an end that is insertable 
into the earth and/or at least one E-field probe having 
an end that is insertable into the earth. An electronics 

45 package as described above may also be included. 
[0027] The acoustic transmitter may retransmit the 
information using frequency shift keying or multiple fre- 
quency shift keying. 

[0028] According to another aspect of the invention 
so there is provided a method for communicating informa- 
tion between surface equipment and downhole equip- 
ment comprising the steps of: receiving an 
electromagnetic signal carrying the information gener- 
ated by the downhole equipment; and acoustically 
55 retransmitting the information to the surface equipment 
through the sea. 

[0029] The step of receiving an electromagnetic signal 
may further comprises receiving the H-field component 



of the electromagnetic signal with an H-f ield probe hav- 
ing an end that is insertable into the earth and/or receiv- 
ing the E-field component ol the electromagnetic signal 
with at least one E-field probe having an end that is 
insertable into the earth. 

[0030] The method may further comprise the step of 
transforming the electromagnetic signal into an electri- 
cal signal. The method may further comprise the step of 
storing the information in the electrical signal in an elec- 
tronics package. 

[0031] The method may further comprise the step of 
transforming the electrical signal into an acoustic signal. 
[0032] The step of acoustically retransmitting the 
information may further comprise using frequency shift 
keying or multiple frequency shift keying. 
[0033] According to another aspect of the invention 
there is provided a method for communicating informa- 
tion between surface equipment and downhole equip- 
ment comprising the steps of: receiving an 
electromagnetic signal carrying the information gener- 
ated by the downhole equipment through the earth; 
transforming the electromagnetic signal into an electri- 
cal signal; processing the information in the electrical 
signal in an electronics package; transforming the elec- 
trical signal into an acoustic signal; and acoustically 
retransmitting the information to the surface equipment 
through the sea. 

[0034] According to another aspect of the invention 
there is provided a method for communicating informa- 
tion between surface equipment and downhole equip- 
ment comprising the steps of: receiving an acoustic 
signal carrying the information generated by the surface 
equipment through the sea; and retransmitting the infor- 
mation to the downhole equipment by radiating electro- 
magnetic wave into the earth.- 

[0035] The acoustic signal may be transmitted using 
frequency shift keying or multiple frequency shift keying. 
[0036] The method may further comprise the step of 
transforming the acoustic signal into an electrical signal. 
[0037] The information in the electrical signal may be 
processed in an electronics package. The information 
may be stored in the electrical signal in an electronics 
package. 

[0038] The method may further comprise the step of 
transforming the electrical signal into an electromag- 
netic signal. 

[0039] Reference is now made to the accompanying 
drawings, in which: 

Figure 1 is a schematic illustration of an offshore oil 
or gas drilling platform operating an embodiment of 
a subsea repeater according to the present inven- 
tion; 

Figure 2 is a schematic illustration of an embodi- 
ment of a subsea repeater according to the present 
invention; and 

Figure 3 is a block diagram of an embodiment of a 
signal processing method used by a subsea 



repeater according to the present invention. 

[0040] Referring to Figure 1 , a subsea repeater in use 
during an offshore drilling operation is schematically 

5 illustrated and generally designated 1 0. A semi-submer- 
gible platform 12 is centered over a submerged oil and 
gas formation 14 located below sea floor 16. A subsea 
conduit 18 extends from deck 20 of platform 12 to a 
wellhead installation 22 including blowout preventers 

w 24. Platform 12 has a hoisting apparatus 26 and a der- 
rick 28 for raising and lowering drill string 30, including 
drill bit 32. 

[0041] In a typical drilling operation, drill bit 32 is 
rotated by drill string 30, such that drill bit 32 penetrates 

15 through the various earth strata, forming wellbore 38. 
Measurement of parameters such as bit weight, torque, 
wear and bearing conditions of drill bit 32 may be 
obtained by sensors 40 located in the vicinity of drill bit 
32. Additionally, parameters such as pressure and tem- 

20 perature as well as a variety of other environmental and 
formation information may be obtained by sensors 40. 
The signal generated by sensors 40 may typically be in 
the form of pulse width data, or the like, which must be 
converted to digital data before electromagnetic trans- 

25 mission in the present system. The signal generated by 
sensors 40 is passed into an electronics package 42 
including an analog to digital converter which converts 
the analog signal to a digital code utilizing 1 's and O's for 
information transmission. 

30 [0042] Electronics package 42 may also include elec- 
tronic devices such as an on/off control, a modulator, a 
microprocessor, memory and amplifiers. Electronics 
package 42 is powered by a battery pack which may 
include a plurality of nickel cadmium or lithium batteries 

35 which are configured to provide proper operating volt- 
age and current. 

[0043] Once the electronics package 42 establishes 
the frequency, power and phase output of the informa- 
tion, electronics package 42 feeds the information to 

40 transmitter 44. Transmitter 44 may be a direct connect 
type transmitter that utilizes an output voltage applied 
between two electrical terminals that are electrically iso- 
lated from one another to generate electromagnetic 
wave fronts 46. Electromagnetic wave fronts 46 radiate 

45 into the earth carrying the information obtained by sen- 
sors 40. 

[0044] Alternatively, transmitter 44 may include a 
magnetically permeable annular core, a plurality of pri- 
mary electrical conductor windings and a plurality of 

so secondary electrical conductor windings which are 
wrapped around the annular core. Collectively, the 
annular core, the primary windings and the secondary 
windings serve to approximate an electrical transformer 
which generates electromagnetic wave fronts 46. 

55 [0045] Electromagnetic wave fronts 46 travel through 
the earth and are received by subsea repeater 48 
located on sea floor 16. Subsea repeater 48 may detect 
either the electrical field (E-field) component of electro- 
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magnetic wave fronts 46. the magnetic field (H-field) 
component of electromagnetic wave fronts 46 or both 
using E-field probes 50 and H-field probe 52 or both. As 
electromagnetic wave fronts 46 reach subsea repeater 
48, a current is induced in subsea repeater 48 that car- 
ries the information originally obtained by sensors 40. 
The current is fed to an electronics package within sub- 
sea repeater 48 that may include a variety of electronic 
devices such as a preamplifier, a limiter, filters, shift reg- 
isters, comparators and amplifiers as will be further dis- 
cussed with reference to Figure 3. The electronics 
package cleans up and amplifies the signal to recon- 
struct the original waveform, compensating for losses 
and distortion occurring during the transmission of elec- 
tromagnetic wave fronts 46 through the earth. 
[0046] The electronics package may include a compa- 
rator for comparing the relative strength and clarity of 
the H-field component versus the E-field component of 
electromagnetic wave fronts 46. The electronics pack- 
age may then select the stronger of the two signals for 
retransmission. Alternatively, the two signals may be 
electronically filtered and combined to produce a hybrid 
signal for retransmission. Also, it should be noted that 
the H-field component and the E-field component of 
electromagnetic wave fronts 46 received by subsea 
repeater 48 may be compared to determined whether 
both signals contain the identical information as a check 
of the validity of the transmitted data. 
[0047] After the electrical signal has been processed, 
it may be forwarded to acoustic modem 54 that will 
transform the electrical signal into acoustic waves 56. 
Alternatively, the information originally obtained by sen- 
sors 40 may be stored in memory in subsea repeater 48 
for a predetermined period of time prior to forwarding 
the electrical signal to acoustic modem 54. For exam- 
ple, in the drilling operation as depicted in Figure 1, the 
information may be transmitted from acoustic modem 
54 on a periodic basis such as every hour. In a produc- 
tion operation, however, the information may be stored 
in the memory of subsea repeater 48 for twelve hours or 
twenty-four hours or even longer prior to transmission 
by acoustic modem 54. Thus, as should be apparent to 
those skilled in the art, that the length of time between 
transmissions from acoustic modem 54 will depend 
upon the amount of information transmitted from sen- 
sors 40 and the amount of memory available in subsea 
repeater 48. In addition, it should be noted that subsea 
repeater 48 may simply process and forward the infor- 
mation that is received without storing the information in 
memory. 

[0048] The information may be encoded into acoustic 
waves 56 by acoustic modem 54 using, for example, fre- 
quency shift keying (FSK) or multiple frequency shift 
keying (MFSK). Using FSK, acoustic modem 54 con- 
verts the electrical signal from a digital format into an 
analog format by representing the digital values with dif- 
ferent frequencies within a defined range. Using the 
FSK technique, the 0's and 1's of the digital information 



are represented by discreet frequency pulses using fre- 
quency f1 for the 0's and frequency f2 for the 1's. Each 
frequency pulse, f1 or f2, represents one data bit. Using 
FSK may provide reliable data transmission through the 
5 sea in the range of 40 baud. The data transfer rate is 
limited by transmission of only one bit at a time along 
with the need to have intervals between transmissions 
to eliminate ambiguities caused by the hostile sea envi- 
ronment. 

to [0049] Alternatively, acoustic modem 54 may transmit 
data using MFSK. MFSK modulation improves the data 
transmission rate by simultaneously broadcasting multi- 
ple data bytes. MFSK utilizes a group of four frequen- 
cies to represent the first two bits of the first byte. The 

(5 next higher group of frequencies is used for the next two 
positions. By transmitting more than one data bit simul- 
taneously, the data transfer rate is dramatically 
increased. For example, in an application using the FSK 
technique to provide reliable transmission of data at 40 

20 baud, using the MFSK technique would achieve reliable 
transmission of data at 1 .200 baud, allowing data col- 
lection to be accomplished in 1/30th of the time it would 
take with FSK. Additionally, when the conditions of the 
sea are such that high error rates are occurring, the 

25 MFSK technique can be used to transmit two copies of 
each data bit so that surface installation 60 may perform 
error detection and correction while having data trans- 
ferred at, for example. 600 baud. 
[0050] Thus, using FSK, MFSK or similar technique, 

30 acoustic waves 56 are transmitted through the sea car- 
rying the information originally obtained by sensors 40. 
Acoustic waves 56 are then picked up by acoustic 
modem 58 and forwarded to surface installation 60 via 
electric wire 62. Surface installation 60 may include a 

35 computer system that processes, stores and displays 
the information originally obtained by sensors 40. Sur- 
face installation 60 may include a peripheral computer 
or work station with a processor, memory and audio vis- 
ual capabilities. Surface installation 60 includes a power 

40 source for producing the necessary energy to operate 
surface installation 60 and may also provide the power 
necessary to operate acoustic modem 58. Electric wire 
62 may be connected to surface installation 60 using an 
RS-232 interface. 

45 [0051] Subsea repeater 58 of the present invention 
may also be used as a downlink to communicate infor- 
mation from surface installation 60 to a downhole 
device. For example, during a production operation, sur- 
face installation 60 may be used to request downhole 

so pressure, temperature or flow rate information from for- 
mation 14 by sending acoustic waves 64 through the 
sea from acoustic modem 58. Acoustic waves 64 will be 
received at subsea repeater 48 by acoustic modem 54. 
Acoustic waves 64 may use FSK or MFSK as described 

55 above to carry the information. Acoustic modem 54 will 
transform acoustic waves 64 into an electrical signal 
that is passed on to the electronics package of subsea 
repeater 48 and processed as described above. Sub- 



sea repeater 48 may then generate electromagnetic 
wave fronts 66 to retransmit the information originally 
generated by surface installation 60. Sensors, such as 
sensors 40, located near formation 14 receive this 
request and obtain the appropriate information which 
would then be returned to surface installation 60 via 
electromagnetic wave fronts 46 and acoustic waves 56 
as described above. 

[0052] Although Figure 1 has been described with ref- 
erence to acoustic modem 58 in communication with 
surface installation 60 on platform 1 2, it should be noted 
by one skilled in the art that acoustic modem 58 is 
equally well-suited for receiving and transmitting acous- 
tic waves such as acoustic waves 56, 64 from a remote 
well installation not associated with a production plat- 
form. For example, acoustic modem 58 may be 
attached to a ship or a crew boat that periodically travels 
to the remote well installation to request and obtain 
information relating to that remote well. 
[0053] Additionally, it should be noted by one skilled in 
the art that subsea repeater 48 of the present invention 
is may be used in conjunction with downhole repeaters 
in deep or noisy well application wherein subsea 
repeater 48 may not be within the range of electromag- 
netic wave front 46. 

[0054] Figure 2 is a perspective representation of sub- 
sea repeater 100 of the present invention. Subsea 
repeater 100 includes a plurality of E-field probes 102 
and an H-field probe 104 disposed within housing 106. 
E-field probes 102 may be constructed from a conducr 
tive rod or tubing including metals such as steel, copper 
or a copper clad. E-field probes 102 each have an end 
1 06 that inserted through sea floor 16 to extend into the 
earth such that electromagnetic wave fronts, such as 
electromagnetic wave fronts 46 of Figure 1, may be 
received by E-field probes 102 without crossing the 
boundary between the sea and sea floor 16. E-field 
probes 102 pickup the E-field component of electro- 
magnetic wave fronts 46. 

[0055] H-field probe 104 of subsea repeater 100 has 
an end 1 08 that is inserted through sea floor 16 into the 
earth such that electromagnetic wave fronts 46 are 
received by H-field probe 104 before electromagnetic 
wave fronts 46 cross through the boundary of sea floor 
16 and the sea. H-field probe 104 includes one or more 
magnetometers for detecting the H-field component of 
electromagnetic wave fronts 46. 
[0056] Subsea repeater 100 includes an insulated ring 
112 that attaches E-field probes 102 to housing 106. 
Insulated ring 84 includes an electrically conductive ring 
1 14 and a dielectric ring 116. The electrically conduc- 
tive ring 1 14 is attached to E-field probes 1 02 to provide 
an electrically conductive path between E-field probes 
102 and an electronics package disposed within hous- 
ing 1 06 via electrical cable 1 1 8 such that the information 
carried in the E-field component of electromagnetic 
wave fronts 46 may be process as will be discussed with 
reference to Figure 3. Dielectric ring 116 creates a non- 



conductive region between conductive ring 114 and 
housing 106. 

[0057] Subsea repeater 100 may include an insulated 
cradle 120 that is disposed between E-field probes 102 

5 and housing 106. Insulated cradle 120 provides struc- 
tural support to E-field probes 102 to prevent relative 
translational or rotational motion between E-field probes 
102 and housing 106. Insulated cradle 120 may be 
attached to housing 106 using an insulated ring 122 that 

w may include a dielectric ring 1 24. 

[0058] The E-field component of electromagnetic 
wave fronts 46 generates a current in E-field probes 
102. The H : field component of electromagnetic wave 
fronts 46 generates a current in H-field probe 104. 

is These two currents are passed on to the electronics 
package disposed within housing 106 as will be more 
fully described with reference to Figure 3. The electron- 
ics package may include a comparator for comparing 
the relative strength and clarity of the H-field component 

20 and the E-field component of electromagnetic wave 
fronts 46. The electronics package may then select the 
stronger of the two signals for retransmission. Addition- 
ally, the electronics package may compare the H-field 
component and the E-field component of electromag- 

25 netic wave fronts 46 to determine whether both signals 
carry the identical information as a check of the validity 
of the transmitted data. After one or both of the electric 
signals are processed, the information may be stored by 
subsea repeater 1 00 in memory. While this information 

30 is retained in memory, additional electromagnetic wave 
fronts 46 carrying information may be received and 
stored by subsea repeater 100. At a predetermined 
time, the electronics package generates an electrical 
signal that is passed on to acoustic modem 126. Using 

35 FSK, MFSK or other suitable techniques, the informa- 
tion is then transmitted through the sea by acoustic 
modem 126. 

[0059] Acoustic modem 1 26 may also receive acous- 
tic signals, such as acoustic waves 64 of Figure 1 , when 

40 subsea repeater 100 serves as a downlink. Acoustic 
modem 126 transforms acoustic waves 64 into an elec- 
trical signal that is passed on to the electronics package 
disposed in housing 106. The electronics package proc- 
esses the electrical signal as will be more fully 

45 described with reference to Figure 3 below. After 
processing, the electronics package generates a cur- 
rent in one or more of the E-field probes 102 that in turn 
generates electromagnetic wave fronts 66 that propa- 
gate the information through the earth to a downhole 

so location. 

[0060] Turning now to Figure 3, one embodiment of 
the method for processing the electrical signal within a 
subsea repeater 48 is described. Method 300 provides 
for digital processing of the information carried in the 
55 electrical signal that is generated by receiver 302 which 
may be an acoustic or an electromagnetic receiver such 
as acoustic modem 54, E-field probes 50 or H-field 
probe 52 of Figure 1 . Limiter 304 receives the electrical 
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signal from receiver 302. Limiter 304 may include a pair 
of diodes for attenuating the noise in the electrical signal 
to a predetermined range, such as between about .3 
and .8 volts. The electrical signal is then passed to 
amplifier 306 which may amplify the electrical signal to 
a predetermined voltage suitable of circuit logic, such as 
five volts. The electrical signal is then passed through a 
notch filter 308 to shunt noise at a predetermined fre- 
quency, such as 60 hertz which is a typical frequency for 
noise in an offshore application in the United States 
whereas a European application may have a 50 hertz 
notch filter. The electrical signal then enters a bandpass 
filter 310 to eliminate unwanted frequencies above and 
below the desired frequency and to recreate a signal 
having the original frequency, for example, two hertz. 
[0061] The electrical signal is then fed through a 
phase lock loop 312 that is controlled by a precision 
clock 314 to assure that the electrical signal which 
passes through bandpass filter 310 has the proper fre- 
quency and is not simply noise. As the electrical signal 
will include a certain amount of carrier frequency, phase 
lock loop 312 is able to verify that the received signal is, 
in fact, a signal carrying information to be retransmitted. 
The electrical signal then enters a series of shift regis- 
ters that perform a variety of error checking features. 
[0062] Sync check 31 6 reads, for example, the f irst six 
bits of the information carried in the electrical signal. 
These first six bits are compared with six bits that are 
stored in comparator 318 to determine whether the 
electrical signal is carrying the type of information 
intended for a subsea repeater such as subsea repeater 
48 of Figure 1 . For example, the first six bits in the pre- 
amble to the information carried in electromagnetic 
wave fronts 46 must carry the code stored in compara- 
tor 318 in order for the electrical signal to pass through 
sync check 316. 

[0063] If the first six bits in the preamble correspond 
with that in comparator 318, the electrical signal is 
shifted into a data register 320 which is in communica- 
tion with a parity check 322 to analyze the information 
carried in the electrical signal for errors and to assure 
that noise has not infiltrated and abrogated the data 
stream by checking the parity of the data stream. If no 
errors are detected, the electrical signal is shifted into 
one or more storage registers 324. Storage registers 
324 receive the entire sequence of information and may 
pass the electrical signal directly into power amplifier 
328 for retransmission by transmitter 330 which may 
typically occur when subsea repeater 48 serves as a 
downlink. Alternatively, the information may be stored 
for a specified period of time determined by timer 326 
prior to sending the signal to power amplifier 328. For 
example, subsea repeater 48 may be used to store for- 
mation information for a twelve or twenty-four hour 
period between transmissions to the surface. 
[0064] Transmitter 330 may be an acoustic or an elec- 
tromagnetic transmitter such as acoustic modem 54 or 
E-field probes 50 of subsea repeater 48 of Figure 1. For 



example, transmitter 300 may transform the electrical 
signal into. an electromagnetic signal, such as electro- 
magnetic wave fronts 66, which are radiated into the 
earth when transmitter 300 is an electromagnetic trans- 
5 mitter. Alternatively, transmitter 300 may transform the ' 
electrical signal into acoustic waves 56 that are trans- 
mitted through the sea when transmitter 300 is an 
acoustic modem. 

[0065] Although Figure 3 has described sync check 
to 316, data register 320 and storage register 324 as shift 
registers, it should be apparent to those skilled in the art 
that alternate electronic devices may be used for error 
checking and storage including, but not limited to, ran- 
dom access memory, read only memory, erasable pro- 
75 grammable read only memory and a microprocessor. 
[0066] It will be appreciated that the invention 
described above may be modified. 

Claims 
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1 . A subsea repeater apparatus (48) for communicat- 
ing information between surface equipment (60) 
and downhole equipment (44). comprising: an elec- 
tromagnetic receiver receiving an electromagnetic 

25 signal (46) carrying the information generated by 
the downhole equipment (44); and an acoustic 
transmitter (54) operably connected to the electro- 
magnetic receiver, the acoustic transmitter (54) 
acoustically retransmitting the information to the 

30 surface equipment (60) through the sea. 

2. Apparatus (48) according to claim 1 wherein the 
electromagnetic receiver further comprises an in- 
field probe (52) having an end that is insertable into 

35 the earth. 

3. Apparatus (48) according to claim 1 or 2, wherein 
the electromagnetic receiver further comprises at 
least one E-field probe (50) having an end that is 

40 insertable into the earth. 

4. Apparatus (48) according to claim 1 , 2 or 3, further 
comprising an electronics package operably con- 
nected to the electromagnetic receiver and the 

45 acoustic transmitter (54), the electronics package 
processing the information and including a storage 
device for storing the information, and wherein the 
acoustic transmitter (54) retransmits the informa- 
tion using frequency shift keying or multiple fre- 

50 quency shift keying. 

5. A subsea repeater apparatus (48) for communicat- 
ing information between surface equipment and 
downhole equipment, comprising: an acoustic 

55 receiver (54) receiving an acoustic (64) signal car- 
rying the information generated by the surface 
equipment (60) through the sea; and an electro- 
magnetic transmitter operably connected to the 



acoustic receiver (54), the electromagnetic trans- 
mitter retransmitting the information to the down- 
hole equipment by radiating electromagnetic waves 
(66) into the earth. 

6. Apparatus (48) according to claim 5, wherein the 
information in the acoustic signal is transmitted 
using frequency shift keying. 

7. Apparatus according to claim 5, wherein the infor- 
mation in the acoustic signal is transmitted using 
multiple frequency shift keying. 

8. Apparatus according to claim 5, 6 or 7, further com- 
prising an electronics package operably connected 
to the acoustic receiver (54) and the electromag- 
netic transmitter. 

9. A method for communicating information between 
surface equipment (60) and downhole equipment 
(44), comprising the steps of: receiving an electro- 
magnetic signal (46) carrying the information gen- 
erated by the downhole equipment (44); and 
acoustically retransmitting the information to the 
surface equipment (60) through the sea. 

1 0. A method for communicating information between 
surface equipment (60) and downhole equipment 
(44), comprising the steps of: receiving an acoustic 
signal (64) carrying the information generated by 
the surface equipment (60) through the sea; and 
retransmitting the information to the downhole 
equipment (44) by radiating electromagnetic waves 
(66) into the earth. 
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